ABSTRACT: MD simulations reveal that mesoporous Li-MnO2 is electrochemically active because the stress, associated with charge cycling, does not influence the structure or dimensions of the (unlithiated) 1x1 tunnels in which the lithium ions intercalate and reside. Conversely, the parent bulk material suffers structural collapse and blockage of the 1x1 tunnels under stress. Akin to Le Chatalier's principle, we show that a mesoporous material can mitigate the effect of stress by expanding or contracting elastically into the pores of the mesoporous material; we simulate this 'breathing-crystal' phenomenon using MD simulation and show the mechanism of Li deintercallation from the mesoporous host lattice.
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Supporting Information

Uniaxial Stress
The structural response of mesoporous MnO 2 to uniaxial stress is shown in fig. S1 . Our simulations reveal that unlithiated and lithiated (Li 0.03 MnO 2 , Li 0.24 MnO 2 , Li 0.72 MnO 2 ) mesoporous MnO 2 respond elastically under uniaxial compression, up to strains of about 4-7%, fig S1(c-f), with corresponding yield stresses of about 5-7 GPa. Tensile yield strains and stresses are slightly lower at about 4-6% (yield strain) and 3-5GPa (yield stress). The simulations reveal that Li intercalation weakens the system; yield stresses (compression and tension) are reduced as lithium is gradually intercalated into the lattice.
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Figure S1
Uniaxial compression (Comp) 
Radial Distribution Functions (RDF)
Calculated RDF provide information as to the strain state of the mesoporous and bulk MnO 2 . The Mn-Mn RDF, calculated for the bulk and mesoporous β-MnO 2 as a function of strain, are shown in fig. S2(a) , bulk, and S2(b), mesoporous. The RDFs were used to gauge the structural integrity of the system as a function of uniaxial strain. In particular, the first four peaks, annotated 1, 2, 3 and 4 in each figure, provide insight into the structure of the 1x1 tunnels associated with the pyrolucite structure, fig S2(c) . Peak 1 corresponds to the 'length' of the 1x1 tunnels (lattice parameter c), while Peak 3, corresponds to the 'crosssectional dimensions' of the 1x1 tunnels (lattice parameters a and b).
Inspection of the RDF traces reveals that the cross-sectional sizes of the 1x1 tunnels change dramatically when stress is imposed upon bulk β-MnO 2 . In particular, the single peak when stress is imposed upon the system. This suggests, surprisingly, that the crystal structure and tunnel dimensions do not change when the material is stressed uniaxially by 5%. To rationalise this behaviour, we measured the volume of the bulk and mesoporous β-MnO 2 under zero strain and 5% strain. The results revealed that under 5% uniaxial strain, the volume of the mesoporous β-MnO 2 reduced by 3.1% and the bulk β-MnO 2 reduced by 2.5%. Presumably, the only way the mesoporous β-MnO 2 could retain its structural integrity is if it expanded into the pore space of the mesoporous β-MnO 2 . Indeed, further calculations revealed that the pore volume reduced by 7% at 5% uniaxial strain. Such expansion of the MnO 2 into the pores helps mitigate changes in the crystal structure as a consequence of imposing uniaxial stress. This phenomenon is akin to that of 'Le Chataliers principle' in that the mesoporous β-MnO 2 responds structurally to mitigate the effect of imposed stress.
X-ray Diffraction
The x-ray diffraction patterns, calculated as a function of uniaxial stress, are shown in fig   S3(a, b) 
Bulk P0 XRD Indexing
Bulk MnO 2 (P0, unstrained) was indexed as a tetragonal, fig S4, 
Li mobility in mesoporous MnO2
To 
Li deintercalation
The surface structure of the (internal) pores of mesoporous MnO 2 will impact upon the Li deintercalation process. Accordingly, the pores were analysed using molecular graphics and revealed that very few 1x1 tunnels lie perpendicular to the pore surface; rather the 1x1 tunnels lie at a variety of different angles to the surface normal, fig S8. Accordingly, the surface 'exit holes' are structurally different and display a wide variety of structural configurations and sizes.
Changes in surface structure during Li deintercallation
After Li deintercalates from the host lattice, the 1x1 tunnels will likely change in structure as they will not have to accommodate the strain associated with Li occupancy. Accordingly, molecular graphics was used to examine the surface of the pores before and after deintercallation, fig S9, S10. Inspection of these figures reveals a remarkable change in structure of the exit sites (circles in fig S9) . This can be explained, in part, by realising that as Li resides within the 1x1 tunnel, the tunnel is held in a particular strain state. Upon deintercallation, the 1x1 tunnels can then relax back to their unstrained configuration.
Similarly, the coordination of the (deintercallated) Li, on the surface of the internal pore to 13 the surface oxygen of the MnO 2 , also influences the surface structure, fig S10. Such observation also indicates that a polar electrolyte will also exact changes upon the surface structure and hence entrance/exit sites of the host MnO 2 . 
Transport Energetics
The activation energy barriers associated with Li-ion mobility and deintercalation can be extracted from the standard Arrhenius equation, using calculated Mean Square Displacements (MSD):
where D i is the diffusion coefficient, E act is the activation energy barrier, k B is the Boltzmann constant, T is the temperature, r i is the position of ion i and t is time. The activation energy can then be captured from the gradient, -E act /k B , of a graph of natural log of the Diffusion coefficients, calculated as a function of inverse temperature.
We note that the MSD do not change uniformly with time, fig S9; 
